Introduction
Meningiomas are typically benign tumors that represent 20% of all primary intracranial neoplasms.
1 Intraventricular meningiomas are a rare subtype representing 0.5% to 3.0% of all meningomas. 2 Meningiomas generally do not exhibit a hemorrhagic component as only 1.3% to 2.4% of cases are associated with hemorrhage. 3 Furthermore, hemorrhage associated with intraventricular meningiomas is extremely uncommon with only 10 reported cases in the literature since 1960. [4] [5] [6] [7] [8] [9] [10] [11] [12] Among these cases, none were associated with a previous history of radiation therapy. We describe a 49-year-old female previously treated with both whole brain radiation and stereotactic radiosurgery (SRS) that presented with a newly discovered right lateral ventricular meningioma and intraventricular hemorrhage.
Her history included both prophylactic whole brain radiation in her early 20's for acute lymphoblastic leukemia (ALL) and SRS for treatment of symptomatic cavernous hemangiomas (cavernomas). In addition to this novel case, we will discuss the current literature regarding hemorrhagic intraventricular meningiomas as well as briefly review the natural history of radiation-induced meningiomas. We propose that both the development of this patient's meningioma and the acute hemorrhagic manifestations may potentially be consequential to her prior exposure to brain radiation.
was treated with chemotherapy and prophylactic whole brain radiation. At 41 years old, her family reports that she was diagnosed with cavernous malformations in the midbrain and left corona radiata that were discovered after a hemorrhagic event, both of which were treated with Gamma Knife SRS at an outside institution. Interestingly, she had been seen in our department in 2009 for visual changes, where magnetic resonance imaging (MRI) demonstrated the suspected cavernous hemangiomas in the brain stem and left corona radiata, without any imaging evidence of a ventricular lesion (►Fig. 1). Upon arrival to the emergency department, her headache had diminished in intensity. Physical examination revealed decreased sensory perception on the left side of her body, a mild neglect, and an incongruent leftsided hemianopsia. Computed tomography imaging of the head demonstrated a well-circumscribed, homogeneous isodensity within and adjacent to the right lateral ventricle with hyperdense acute hemorrhage within the ventricular and intraparenchymal spaces (►Fig. 2). MRI demonstrated a mass with 4.2 cm craniocaudal, 3.2 cm anteroposteriorly, and 3.2 cm transverse dimensions that was T1 hypointense, T2 hyperintense, mildly diffusion-restricted, avidly enhancing, and well-circumscribed (►Fig. 3). MRI from 8 years prior demonstrated her previously known cavernomas without evidence of any ventricular mass. We felt that the differential diagnosis of this lesion included meningioma, metastasis, lymphoma, choroid plexus papilloma, and arteriovenous malformation or aneurysm. A metastatic workup was negative. Considering the mass effect, hemorrhagic nature, and need for tissue diagnosis, a craniotomy for tumor resection was recommended. A stereotactic-guided craniotomy was performed. We utilized a parietal trans-sulcal approach. The mass was well circumscribed with a firm capsule that extended into the atrium of the right ventricle. It derived its predominate blood supply from the choroidal arteries. The deep feeding arterial supply was controlled and a gross total resection was achieved. Pathology was consistent with a grade I meningothelial meningioma with a K i -67 index of < 1% (►Fig. 4). Postoperatively, the patient had no significant motor weakness or visual changes, but did experience worsening of her left-sided hemineglect. She was discharged on postoperative day 7 to an inpatient rehabilitation facility for continued therapy and resolution of her symptoms.
Discussion
Intraventricular meningiomas are uncommon. These benign tumors are most commonly found within the lateral ventricles with 90% located specifically within the trigone.
13,14
Clinical manifestations of these tumors can vary depending on the size as well as location within the ventricular system. A small-sized tumor of the lateral ventricle may remain clinically undetectable. However, large symptomatic intraventricular meningiomas often become clinically apparent due to symptoms related to increased intracranial pressure, visual field defects, and weakness or seizures. Acute onset of severe headaches related to hemorrhage is uncommon.
Hemorrhagic intraventricular meningiomas are exceedingly rare. In fact, our literature review identified 10 reported cases of hemorrhagic intraventricular meningiomas since 1960 (►Table 1). [4] [5] [6] [7] [8] [9] [10] [11] [12] Of the reported cases, age of onset ranged between 14 and 64 years old with an average age of onset of 45.2 years. Female predominance was observed with 7 out of 10 cases. Regarding histopathology, five cases (50%) were classified as fibroblastic, two (20%) were endotheliomatous, one (10%) was psammomatous, one (10%) was transitional, and one (10%) case did not report pathology.
The case we present has similar epidemiological characteristics as previously reported cases including age of onset (49 years old versus a mean of 45.2 years old) and female predominance. This is the first reported case of a hemorrhagic ventricular meningioma of meningothelial subtype. Interestingly, none of the prior 10 cases reported a history of radiation therapy, and to our knowledge, this is the first reported case of a hemorrhagic ventricular meningioma following brain radiation. Due in part to their exceptionally low incidence rate, the causative factors for an intraventricular hemorrhage in association with a meningioma have yet to be fully elucidated; however, several hypotheses have been suggested to describe this phenomenon. [15] [16] [17] [18] The most widely accepted hypothesis was proposed by Helle and Conley stating that compensatory expansion of meningothelial vasculature can weaken arterial walls leading to rupture. 15 Bloomgarden et al suggested that meningothelial arterial feeders can become more susceptible to variations in blood pressure due to arterial dilatation and tortuosity resulting in a loss of vascular resilience. 16 Jones and Blumbergs observed granulation tissue encompassing a necrotic area within the tumor bed attributing the cause of rupture to aberrant neovascularization. 17 Another hypothesis suggests that tumor necrosis can collapse the tumor bed. 18 Moreover, anticoagulation therapy, trauma, seizures, and blood dyscrasias may also contribute to meningioma hemorrhages.
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This case report details a patient previously treated with prophylactic whole brain radiation as well as SRS. Exposure to ionizing radiation has been associated as the strongest modifiable risk factor for the development of meningiomas. 19, 20 An increased risk of meningioma development has also been established in those treated with cranial irradiation for ALL. 19, 20 For example, a recent cohort study of 2,169 survivors of ALL demonstrated that 14% of individuals treated with prophylactic whole brain radiation developed meningiomas with a latency period of 20.6 years. 19 In addition, radiation treatment has also been associated with the development of cavernomas. 21, 22 Radiation-related injury has been associated with proliferative vasculopathy, increased expression of vascular endothelial growth factor, neoangiogenesis, and deoxyribonucleic acid damage.
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Radiation is thought to cause endothelial swelling, dilation of vessel lumens, hyalinization, and fibrosis. 24 Not surprisingly, reports have suggested that radiation-induced cavernomas may have an increased risk of hemorrhage compared with spontaneous cavernomas. 21, 25 We propose that the same radiation-induced mechanisms that lead to the formation of angiographically occult vascular malformations Ki67, performed to assess proliferative activity, was < 1%. This was consistent with a grade I meningioma, meningothelial subtype.
(e.g., capillary telangiectasia, cavernous malformations) may predispose radiation-induced meningiomas to a higher propensity for spontaneous hemorrhage.
Conclusion
To our knowledge, this is the first case report describing a suspected radiation-induced lateral ventricular meningioma presenting with acute intraventricular hemorrhage. We suggest that the genesis of this patient's intraventricular meningioma, and potentially her hemorrhagic manifestation, may be a result of her extensive history of brain radiotherapy. Although hemorrhagic meningiomas of the ventricular system are exceedingly rare, we believe that early diagnosis and treatment are essential to avoid unnecessary morbidity and mortality. 
